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A new nucleolar body appears in Drosophila saltans
salivary gland cells before histolysis, in programmed
cell death
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3URJUDPPHG FHOO GHDWK LV DQ HVVHQWLDO
SKHQRPHQRQ LQ QRUPDO GHYHORSPHQW DQG
DGXOWKRRG RI PXOWLFHOOXODU RUJDQLVPV $EUDPV HW
DO  5XVFRQL HW DO  %XUVFK  ,Q
LQVHFW GHYHORSPHQW LW LV LQYROYHG LQ WLVVXH
UHRUJDQL]DWLRQ WKDW HVWDEOLVKHV WKH FKDUDFWHULVWLFV
RI WKH DGXOW ERG\ 6XFK UHRUJDQL]DWLRQ UHTXLUHV
WKH HOLPLQDWLRQ RI VHYHUDO WLVVXHV LQFOXGLQJ WKH
VDOLYDU\ JODQGV LQ Drosophila ,Q WKLV RUJDQLVP DV
LQ RWKHU LQVHFWV WKH KLVWRO\VLV RI WKH VDOLYDU\
JODQGV GXH WR SURJUDPPHG FHOO GHDWK LV FRQWUROOHG
E\ WKH VWHURLG KRUPRQH HFG\VRQH WKH OHYHOV RI
ZKLFK UHJXODWH JHQH H[SUHVVLRQ VSDWLDOO\ LQ ERWK
LQGXFWLYH DQG UHSUHVVLYH ZD\V FDXVLQJ WKH
HOLPLQDWLRQRIWKHJODQGV5XVFRQLHWDO
7KH FDVSDVHV SURWHDVHV SOD\ DQ HVVHQWLDO UROH LQ
WKH SURJUDPPHG FHOO GHDWK RI Drosophila VDOLYDU\
JODQGV /HH HW DO  0DUWLQ DQG %DHKUHFNH
 &DVSDVHV IRUP DQ HQ]\PH FDVFDGH WKDW FDQ
EH VHSDUDWHG LQWR DFWLYDWRUV HIIHFWRUV DQG
QHJDWLYH UHJXODWRUV 7KH H[SUHVVLRQ RI WKH HIIHFWRU
JHQHV VXFK DV reaper hid DQG dronc LV
XSUHJXODWHG MXVW SULRU WR WKH RQVHW RI GHDWK ZKLOH
WKH H[SUHVVLRQ RI WKH FHOO GHDWK LQKLELWRU diap2 LV
UHSUHVVHG -LDQJ HW DO  'RUVW\Q HW DO 
/HH DQG %DHKUHFNH  7KHVH DQG RWKHU
HIIHFWRU JHQHV VHHP WR EH XQGHU FRQWURO RI E93
DQ HFG\VRQHLQGXFHG SULPDU\ UHVSRQVH JHQH /HH
HW DO  *RUVNL DQG 0DUUD  3UHFHGLQJ
VDOLYDU\ JODQG KLVWRO\VLV WKH OHYHOV DQG
ORFDOL]DWLRQ RI ILODPHQWRXV DFWLQ
ƠWXEXOLQƠVSHFWULQ DQG QXFOHDU ODPLQV FKDQJH
SDUDOOHO WR DQ LQFUHDVH LQ WKH OHYHOV RI DFWLYH
FDVSDVH  DQG D FOHDYHG IRUP RI QXFOHDU ODPLQ
0DUWLQ DQG %DHKUHFNH  0RUH UHFHQWO\
QRQFRGLQJ PLFUR 51$V LQYROYHG LQ WKH UHJXODWLRQ
RI FHOO GHDWK ZHUH GHVFULEHG ;X HW DO 

0RUSKRORJLFDO VWXGLHV RI WKH SURJUDPPHG FHOO
GHDWK RI Drosophila VDOLYDU\ JODQGV DUH PRVWO\
UHODWHG WR WKH VWXG\ RI ZKROH VDOLYDU\ JODQGV
H[DPLQHG XVLQJ QXFOHDU VWDLQLQJ ZLWK DFULGLQH
RUDQJH DQG WKH 781(/ DVVD\ LQ RUGHU WR
GHWHUPLQH ZKHWKHU VDOLYDU\ JODQG FHOO GHDWK LV
DFFRPSDQLHG E\ '1$ IUDJPHQWDWLRQ ZKLFK LV
FRQVLGHUHG LQGLFDWLYH RI DSRSWRVLV 7KH FHOOV
H[DPLQHG LQ WKH ZKROH JODQGV DUH GHVFULEHG DV
FKDUDFWHUL]HG E\ ³S\FQRWLF QXFOHL EUHDNGRZQ RI
WKH QXFOHDU PHPEUDQHV DQG UXSWXUH RI WKH
EDVHPHQW PHPEUDQHV FRYHULQJ WKH JODQG FHOOV´
-LDQJ HW DO  ,Q UHODWLRQ WR WKH QXFOHROXV
VRPH DXWKRUV DOUHDG\ UHFRJQL]HG WKDW LQ JHQHUDO
OLWWOH DWWHQWLRQ KDV EHHQ IRFXVHG RQ WKLV RUJDQRLG
GXULQJ DSRSWRVLV FRQVLGHULQJ LW DV DQ DUHD RI
QHJOHFWHG RSSRUWXQLWLHV LQ UHVHDUFK RI WKLV SURFHVV
.HUU 5HLSHUWHWDO
,Q WKH SUHVHQW VWXG\ LQVWHDG RI XVLQJ ZKROH
JODQGV WKH FKDQJHV LQ WKH SRO\WHQH FKURPRVRPHV
DQG WKH QXFOHROXV GXULQJ SURJUDPPHG FHOO GHDWK
ZHUH REVHUYHG LQ Drosophila saltans VDOLYDU\
JODQG VTXDVK SUHSDUDWLRQV XVLQJ ODEHOLQJ
WHFKQLTXHV IRU OLJKW PLFURVFRS\ WKDW DUH
UHFRJQL]HG DV PDUNHUV IRU QXFOHDU FRPSRQHQWV
7KH DSSHDUDQFH RI D VLQJOH URXQG QXFOHRODU
FRUSXVFOH LQVLGH WKH KLJKO\ DOWHUHG QXFOHXV RI
HYHU\GHJHQHUDWLRQJJODQGFHOOLVGHVFULEHG
Materials and Methods
The species and developmental stages used
D. saltans saltans JURXS saltans VXEJURXS IURP
6DQ -RVp &RVWD 5LFD VWUDLQ  ZDV XVHG
7KLV VWUDLQ KDV EHHQ PDLQWDLQHG LQ WKH ODERUDWRU\
LQ D FRUQ VWDUFKDJDU FXOWXUH PHGLXP DW D
WHPSHUDWXUH RI R& R& 'HYHORSPHQWDO VWDJHV
XVHG WR DQDO\]H VDOLYDU\ JODQG VWUXFWXUHV ZHUH
ODWH WKLUG LQVWDU ODUYDH SUHSXSDH \RXQJ SXSDH
DQG LQWHUPHGLDWH SXSDH DJHG D PHDQ RI  
DQGKRXUVIURPWKHHJJUHVSHFWLYHO\
Microscopy preparations and staining
/DUYDH DQG SXSDH ZHUH GLVVHFWHG LQ 'HPHUHF
VROXWLRQ 'HPHUHF DQG .DXIPDQQ  7KH
VDOLYDU\ JODQGV ZHUH IL[HG IRU RQH PLQXWH LQ 
DFHWLF DFLG DQG VTXDVKHG LQ WKH VDPH VROXWLRQ
$IWHU VTXDVKLQJ WKH SUHSDUDWLRQV ZHUH IUR]HQ LQ
OLTXLG QLWURJHQ DQG WKH FRYHUVOLSV UHPRYHG 7KH
VOLGHV ZHUH GULHG DW URRP WHPSHUDWXUH DQG NHSW LQ
WKH IUHH]HU IRU ODWHU VWDLQLQJ 7KLV SURFHGXUH ZDV
XVHG IRU VOLGHV WKDW ZHUH VWDLQHG E\ VLOYHU QLWUDWH
+RZHOO DQG %ODFN  )HXOJHQ UHDFWLRQ
.LUVFKEDXP  DQG DFULGLQH RUDQJH DGDSWHG
WRVDOLYDU\JODQGVIURP $EUDPVHWDO
,Q DFULGLQH RUDQJH VWDLQLQJ VTXDVKHG VDOLYDU\
JODQGV ZHUH LQFXEDWHG IRU  PLQXWHV LQ  ƫJPO
DFULGLQH RUDQJH 6LJPD ZZZVLJPDDOGULFKFRP
LQ  0 SKRVSKDWH EXIIHU S+  $ FRYHUVOLS ZDV
SODFHG RQ WKH PDWHULDO DQG WKH DQDO\VLV ZDV
SHUIRUPHG XVLQJ IOXRUHVFHQFH PLFURVFRS\ =HLVV
$[LRVNRS±0&  ZZZ]HLVVFRP DQG ILOWHUV IRU
EOXHSLQNDQGUHGIOXRUHVFHQFH
)RU ODFWRDFHWLF RUFHLQ VWDLQHG SUHSDUDWLRQV WKH
VDOLYDU\ JODQGV ZHUH SODFHG LQ D GURS RI  RUFHLQ
RQ WKH VOLGH IRU HLJKW PLQXWHV WKHQ WUDQVIHUUHG WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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VTXDVKHGDGDSWHGIURP %LFXGR
7KH IOXRUHVFHQW VWDLQ DFULGLQH RUDQJH KDV EHHQ
XVHG WR LGHQWLI\ DSRSWRWLF FHOOV LQ Drosophila
HPEU\RV $EUDPV HW DO  :KLWH HW DO 
$FULGLQH RUDQJH LV D PHWDFKURPDWLF G\H LQ IL[HG
WLVVXHV VWDLQLQJ VLQJOHVWUDQGHG QXFOHLF DFLGV
RUDQJH DQG GRXEOHVWUDQGHG QXFOHLF DFLGV JUHHQ
/DFWRDFHWLF RUFHLQ WHFKQLTXH ZKLFK ZLWK VRPH
YDULDWLRQV KDV EHHQ XVHG IRU PRUH WKDQ KDOI D
FHQWXU\ LQ FKURPRVRPH DQDO\VLV VWDLQV WRWDO
SURWHLQV ERXQG WR '1$ HQDEOLQJ WKH FKURPDWLQ
WR EH REVHUYHG $VKEXUQHU  7KH )HXOJHQ
UHDFWLRQ LV VSHFLILF IRU '1$ VWDLQLQJ )HXOJHQ DQG
5RVVHQEHFN  0HOR DQG 9LGDO  7KH
VLOYHU QLWUDWH WHFKQLTXH *RRGSDVWXUH DQG %ORRP
 ZLWK VRPH YDULDWLRQV KDV EHHQ LQWHQVLYHO\
XVHG DV D PDUNHU IRU QXFOHRODU RUJDQL]LQJ UHJLRQV
DQG QXFOHROL LQ QRUPDO DQG LQ SDWKRORJLFDO
WLVVXHV 6HYHUDO SURWHLQV UHTXLUHG IRU U51$
WUDQVFULSWLRQ DQG SUHULERVRPH SURFHVVLQJ KDYH
WKH DELOLW\ WR UHGXFH VLOYHU QLWUDWH VWDLQLQJ WKH
QXFOHROXV VWURQJ EURZQ 0RVW VLOYHUSRVLWLYH
QXFOHRODU SURWHLQV DGKHUH WR WKH QXFOHRODU
RUJDQL]LQJ UHJLRQV GXULQJ PLWRVLV KHQFH WKH\ DUH
QDPHG $J125 SURWHLQV 6FZDU]DFKHU DQG
:DFKWWHU  7KH YDOLGLW\ RI WKLV SURFHGXUH LV
UHLQIRUFHG E\ WKH IDFW WKDW LW KDV EHHQ DSSOLHG WR
HOLPLQDWH IDOVHQHJDWLYH UHVXOWV IURP
ZKROHPRXQW LPPXQRF\WRFKHPLVWU\ GXH WR
LQVXIILFLHQW LQGLYLGXDO DQWLJHQ FRQFHQWUDWLRQ
%HUQDUGHWDO
Photomicrographs
$OO IOXRUHVFHQW PLFURJUDSKV ZHUH WDNHQ ZLWK DQ
DXWRPDWLF FDPHUD ORDGHG ZLWK .RGDN 8OWUD 
$6$ ILOP )RU PLFURJUDSKV WDNHQ IURP VOLGHV
SUHSDUHG ZLWK WKH RWKHU VWDLQ WHFKQLTXHV .RGDN
70$; EODFN DQG ZKLWH  $6$ ILOP ZDV XVHG LQ
D=HLVV,,3KRWRPLFURVFRSH
Results and Discussion
,Q D. saltans VDOLYDU\ JODQG KLVWRO\VLV RFFXUHG
GXULQJ WKH LQWHUPHGLDWH SXSDO VWDJH DJHG D PHDQ
RI  KRXUV IURP WKH HJJ PLQLPXP  DQG
PD[LPXP  KRXUV DV REVHUYHG LQ WKH
FRQGLWLRQV RI WKH SUHVHQW H[SHULPHQW 7KH HQWLUH
SURFHVV IURP WKH EHJLQQLQJ RI FKURPRVRPH
FKDQJHV LQ WKH SUHSXSDH WR KLVWRO\VLV ODVWHG D
PHDQ RI  KRXUV 7KH QXFOHDU DOWHUDWLRQV GLG QRW
RFFXU DW WKH VDPH WLPH LQ DOO FHOOV RI D VDOLYDU\
JODQG DQG WKH DOWHUDWLRQV GLG QRW VLPXOWDQHRXVO\
DIIHFW DOO WKH FKURPRVRPHV LQ D FHOO QRW HYHQ
HYHU\ FKURPRVRPH HQWLUHO\ VXJJHVWLQJ WKDW VRPH
FKURPRVRPH UHJLRQV UHPDLQHG DFWLYH IRU D ORQJHU
WLPH ,Q DGGLWLRQ ZH IRXQG D VLQJOH VDOLYDU\ JODQG
RI WKH SDLU LQ DERXW  RI LQWHUPHGLDWH SXSDH
GLVVHFWHG IRU VOLGH SUHSDUDWLRQV VXJJHVWLQJ WKDW
KLVWRO\VLV RI WKH WZR PHPEHUV RI WKH SDLU PD\ DOVR
EH DV\QFKURQRXV %HUHQGHV DQG $VKEXUQHU 
DOVR REVHUYHG WKDW WKH WZR JODQGV PLJKW GLIIHU LQ
WKHWLPLQJRIRQVHWRIKLVWRO\VLV
D. saltans KDV WKUHH SRO\WHQH FKURPRVRPH SDLUV
WZR PHWDFHQWULFFKURPRVRPHV ; DQG ,, DQG RQH
DFURFHQWULFFKURPRVRPH ,,, DOO RI WKHP OLQNHG E\
WKH FHQWURPHULF UHJLRQ IRUPLQJ WKH FKURPRFHQWHU
)LJXUH $ $V LQ PRVW Drosophila VSHFLHV LQ WKH
ODWH WKLUG LQVWDU WKH FKDUDFWHULVWLF WUDQVYHUVH
SDWWHUQ RI EDQGV DQG LQWHUEDQGV DORQJ WKH OHQJWK
RI WKH FKURPRVRPHV ZDV ZHOO GHILQHG H[FHSW LQ
WKH KHWHURFKURPDWLF FHQWURPHULF UHJLRQ $W WKLV
GHYHORSPHQWDO VWDJH HDFK VDOLYDU\ JODQG FHOO
VKRZHG D ODUJH VLQJOH URXQG RU RYDO QXFOHROXV
WKDW VWDLQHG VWURQJO\ EURZQ ZLWK VLOYHU QLWUDWH DQG
KDG D KHWHURJHQHRXV VWUXFWXUH DV GHVFULEHG XVLQJ
OLJKW DQG HOHFWURQ PLFURVFRS\ LQ VHYHUDO
RUJDQLVPV HJ %HUQKDUG  7KLU\ DQG
*RHVVHQV  &KURPDWLQ WKUHDGV OLQNHG WKH
QXFOHROXV WR WKH QXFOHRODU RUJDQL]LQJ UHJLRQ
ZKLFK LQ D. saltans ZDV ORFDWHG LQ WKH
FHQWURPHULF UHJLRQ RI WKH ; FKURPRVRPH %LFXGR
 )LJXUH % & ,Q Drosophila WKHVH
FKURPDWLQ WKUHDGV WKDW DUH DVVRFLDWHG ZLWK WKH
QXFOHROXV VWDLQ EURZQ ZLWK VLOYHU QLWUDWH DQG DUH
PDUNHG ZLWK U51$ E\ in situ K\EULGL]DWLRQ
%LFXGR %LFXGRDQG5LFKDUGVRQ
,Q DFULGLQH RUDQJH VWDLQHG VOLGHV RI ODWH WKLUG
LQVWDU ODUYDH WKH FKURPRVRPHV ZHUH JUHHQ DQG
WKH QXFOHROXV ZDV RUDQJH RU UHG DV H[SHFWHG RQ
WKH EDVLV RI WKH SURSHUWLHV RI WKH VWDLQ 7KH
FKURPDWLQ DVVRFLDWHG ZLWK WKH QXFOHROXV ZDV ZHOO
PDUNHG DV ZHOO DV WKH QXFOHROXV FRQQHFWLRQ ZLWK
WKH FKURPRFHQWHU UHJLRQ )LJXUH $ $V
GHYHORSPHQW SURJUHVVHV JUDGXDO ORVV RI WKH
FKURPRVRPHEDQGLQJ SDWWHUQ ORVV RI WKH
FKURPRVRPH LQGLYLGXDOLW\ DQG WUDQVIRUPDWLRQ RI
WKH FKURPRVRPHV LQWR WHQXRXV PDVVHV RI
ILODPHQWV RU WDQJOHG WKUHDGV ZHUH REVHUYHG
)LJXUHV ) % 7KH QXFOHRODU LQWHJULW\ ZDV DOVR
ORVW LQ SDUDOOHO ZLWK WKH ORVV RI LWV FKDUDFWHULVWLF
SDWWHUQ RI VLOYHU QLWUDWH LPSUHJQDWLRQ WKDW HLWKHU
EHFDPH UHVWULFWHG WR LQQHU UHJLRQV RI WKH
QXFOHROXV RU EHFDPH LUUHJXODU )LJXUH' (
XQOLNH WKH ODUYDO VWDJH LQ ZKLFK LPSUHJQDWLRQ
UHDFKHV WKH ZKROH QXFOHRODU PDVV 7KH QXFOHRODU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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DOWHUDWLRQV LQFUHDVHG XQWLO D GLIIHUHQWLDWHG
QXFOHRODUVWUXFWXUHLVQRORQJHUYLVLEOH
,W LV LQWHUHVWLQJ WKDW LQ WKH ODVW VWHSV EHIRUH
KLVWRO\VLV VRPH UHPDLQV RI FKURPRVRPH WKUHDGV
ZHUH VWLOO REVHUYHG LQVLGH WKH QXFOHXV WKDW VHHPV
SDUWLDOO\ ³HPSW\´ LQ FHOOV VWDLQHG ZLWK DFULGLQH
RUDQJH )LJXUH & 7KHVH FKURPRVRPH WKUHDGV
DOVR VWDLQHG ZLWK RUFHLQ DQG )HXOJHQ VKRZLQJ
WKDW '1$ ZDV SUHVHQW LQ WKHP ,Q FHOOV VWDLQHG
ZLWK DFULGLQH RUDQJH WKH\ UHWDLQHG WKH JUHHQ
FRORU REVHUYHG LQ WKH LQWDFW FKURPRVRPHV RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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WKDW GHVFULEHG LQ WKH OLWHUDWXUH DFFRUGLQJ WR
ZKLFK WKH '1$ LQ DSRSWRWLF FKURPRVRPHV
XQGHUJRHV EUHDNDJH WKDW FKDQJHV LWV DFULGLQH
RUDQJH VWDLQLQJ IURP WKH FKDUDFWHULVWLF JUHHQ WR
UHG $EUDPV HW DO  0SRNH DQG :ROIH 
1LFROHWWLDQG0DQQXFFL %HUJ
-XVW EHIRUH KLVWRO\VLV WKH FKURPRVRPH WKUHDGV
DSSHDUHG WR EH FRQQHFWHG WR D URXQGHG FRUSXVFOH
QRZ YLVLEOH LQVLGH DOO VDOLYDU\ JODQG FHOO QXFOHL
WKDW DSSHDUV WR EH WKH VLQJOH YLVLEOH VWUXFWXUH
LQVLGH WKH DFULGLQH RUDQJHVWDLQHG FHOOV )LJXUH
'+ (YHQ ZKHQ SUHVHQW RXWVLGH WKH QXFOHXV LQ
EURNHQ FHOOV WKH FRUSXVFOH PDLQWDLQHG LWV
LQWHJULW\ LQGLFDWLQJ FRQVLVWHQFH ,Q WKH GLVUXSWHG
RU QRW GLVUXSWHG QXFOHXV LW ZDV VHHQ IUHTXHQWO\
FORVH WR RU DVVRFLDWHG ZLWK WKH QXFOHDU
PHPEUDQH )LJXUH ' 6RPH RI WKH DFULGLQH
RUDQJH VWDLQHG SUHSDUDWLRQV ZHUH VWDLQHG XVLQJ
WKH VLOYHU QLWUDWH WHFKQLTXH ZKLFK VWDLQHG WKH
FRUSXVFOH VWURQJO\ EURZQ FRQILUPLQJ LWV
QXFOHRODU QDWXUH )LJXUH ) + 7KH ILQH
FKURPRVRPH WKUHDGV FRQQHFWHG ZLWK WKH
FRUSXVFOH DOVR VWDLQHG EURZQ ZLWK WKH VLOYHU
QLWUDWH VXJJHVWLQJ WKHLU LQYROYHPHQW LQ QXFOHRODU
V\QWKHVLV)LJXUH+
7KH PDLQWHQDQFH RI FKURPRVRPDO PDWHULDO DQG
WKH DSSHDUDQFH RI D QHZ QXFOHRODU ERG\ DW WKLV
DGYDQFHG VWDJH RI SURJUDPPHG FHOO GHDWK LQ WKH
VDOLYDU\ JODQGV DUH UHPDUNDEOH +RZHYHU DQ\
H[SODQDWLRQ RI WKHVH REVHUYDWLRQV UHPDLQV
FRQMHFWXUDO ,WV SUHVHQFH PD\ EH LQGLFDWLYH RI QHZ
V\QWKHVLV RI HQ]\PHV IRU WKH ODVW VWHSV RI VDOLYDU\
JODQG KLVWRO\VLV ,Q WKLV FDVH WKH FDSDELOLW\ RI
SURWHLQ V\QWKHVLV ZRXOG VWLOO VXEVLVW LQ WKH
F\WRSODVP ZKHQ FHOO GHJUDGDWLRQ LV DGYDQFHG DQG
WKH SRO\WHQH FKURPRVRPHV DUH UHGXFHG WR WKRVH
IHZ WKUHDGV IUHTXHQWO\ DVVRFLDWHG ZLWK WKH
QXFOHRODU ERG\ 7KH SUHYLRXVO\ PHQWLRQHG UHSRUWV
RI WKH LQYROYHPHQW RI PLFUR51$V LQ WKH FRQWURO RI
FHOO GHDWK LQ Drosophila VXJJHVWV WKDW QRQFRGLQJ
U51$ V\QWKHVLV LV DQRWKHU SRVVLELOLW\ IRU WKH
SUHVHQW ILQGLQJV 2WKHU VWXGLHV DUH QHFHVVDU\ WR
HYDOXDWHWKHVHK\SRWKHVHV
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